Determining whether a reduction can be made in the total number of monitoring stations within the Air Quality Monitoring Network is very important since in case of necessity, the devices at one group of stations having similar air pollution characteristics can be transferred to another zone. This would significantly decrease the capital investment and operational cost. Therefore, the objective of this study was grouping the monitoring stations that share similar air pollution characteristics by using the methods of principal component analysis (PCA) and fuzzy cmeans (FCM). In addition, this study also enables determining the emission sources, evaluating the performances of the methods and examining the zone in terms of pollution. In the classification of monitoring stations, different groups were formed depending on both the method of analysis and the type of pollutants. As a result of PCA, 5 and 3 classes have been determined for SO 2 and PM 10 , respectively. This shows that the number of monitoring stations can be decreased. When reduced classes were analyzed, it was observed that a clear distinction cannot be made considering the affected source type. During the implementation of the FCM method, in order to facilitate comparison with the PCA, the monitoring stations were classified into 5 and 3 groups for SO 2 and PM 10 , respectively. When the results were analyzed, it was seen that the uncertainty in PCA was reduced. When the two methods are compared, FCM was found to provide more significant results than PCA. The evaluation in terms of pollution, the results of the study showed that PM 10 exceeded the limit values at all the monitoring stations, and SO 2 exceeded the limit values at only 3 of the 22 stations.
Introduction
Marmara Region is one of the major residential areas of Turkey, where industrialization resulted in an increase in population and road links. Due to its facilities, geographical situation, and ecological characteristics, it has been the focus of constant attention regarding industrialization, transportation and residential development. One of the environmental problems in the region is the pollutant emissions from industry, residential areas and traffic into the atmosphere. How the quantities and properties of these emissions are vary according to time, distance, and the influence of meteorological conditions must be followed significantly. Therefore a total of 39 air quality monitoring stations have been established in 11 provinces in the Marmara Region by the Ministry of Environment and Urbanization creating an air quality monitoring network (MEU, 2013) . These stations have been established in 4 different categories, urban, traffic, industrial, and rural. There are differences in the measured parameters between different categories of monitoring stations. At the stations, the measured pollutants are: PM 10 , SO 2 , NO, NO 2 , NO X , O 3 . In this study, SO 2 and PM 10 were considered because these two pollutants are measured concurrently at most of the stations.
Major natural sources of SO 2 are volcanoes and oceans. On the other hand, anthropogenic emissions of SO 2 are produced by fossil fuel combustion (mainly coal and heavy oils), biomass burning and the smelting of sulfur containing ores. SO 2 and its oxidation by-products are removed from the atmosphere by wet and dry deposition (Pires et al., 2008) . This results in the acidification of soils and surface waters with serious consequences for plant life and water fauna. Besides, buildings and cultural monuments are also damaged by acidification. Sulfate particles in the atmosphere are the largest source of haze and impaired visibility in many locations (Kone and Buke, 2012) . SO 2 can be transported over large distances, causing transboundary pollution (Pires et al., 2008) . Being an irritant, it causes human organ damages. It can affect the respiratory system and the functioning of the lungs, and causes irritation in the eyes (Ozbay, 2012) . This pollutant also affects plants. Depending on its mass concentration levels, it can cause chlorophyll degradation; reduction of photosynthesis; increased respiration rates; and changes in protein metabolism. On the other hand, PM is consisted of solid and liquid particles suspended in the atmosphere. They are emitted by both natural (volcanic eruptions, and forest fires) and anthropogenic sources (all types of man-made combustion and some industrial processes) (Pires et al., 2008) . Similar to SO 2 , the deposition of PM onto soils and surface waters can change their nutrient composition which has an effect on the diversity of ecosystems. PM is a significant contributor to reduced visibility (Kone and Buke, 2012) . PM also has an adverse effect on human health. Extended exposures to PM 10 and to PM 2.5 (particles with an aerodynamic diameter smaller than 2.5 mm) have been associated with respiratory and cardiovascular diseases (Pires et al., 2008) . Consistent estimates of the relationship between daily variations in particulate matter and health effects have been provided by epidemiological studies. Inhalation of particulate matter is directly correlated with bronchitis symptoms and reduced lung function. An increase in PM 10 mass concentration by 10 µg/m 3 results in a 5% increase in premature total mortality in case of lifelong exposure (Byrd et al., 2010) . SO 2 and PM 10 concentrations should be monitored in the ambient air and the results should be interpreted in order to prevent their adverse effects. However, the number of monitoring stations in a zone should depend on the air quality of that zone. If it exceeds the requirements, the expenditures will increase. In order to determine whether a reduction can be made in the number of monitoring stations within the Air Quality Monitoring Network, this study focuses on grouping the monitoring stations sharing similar air pollution characteristics by using principal component analysis (PCA) and fuzzy c-means (FCM) methods. Multivariate statistical methods have been widely used in the studies conducted in recent years. As the number of analysis methods used in any study increases, the accuracy of the obtained results will be higher. Therefore, in this study, two different analysis methods were used. If studies on air quality monitoring stations are examined in detail, it is seen that PCA and CA methods are widely used (Abdalmogith and Harrison, 2005; Pires et al., 2008; Ibarra-Berastegi et al., 2009; Davis et al., 2009; Lau et al., 2009; Byrd et al., 2010; Lu et al., 2011) . The difference between these two methods is, in PCA, each monitoring station is directly incorporated to a certain class, while in FCM, the extent to which a monitoring station should be included in both its own class and in other classes is determined. A literature search have shown that a comparative study like the present study has not been conducted previously. In addition, this study also enables determining the emission sources, evaluating the performances of the methods and examining the zone in terms of pollution.
Materials and Methods

Air quality monitoring network in Marmara Region
The Marmara Region, the selected research area, has an area of approximately 67 000 km 2 . The study area has 11 provinces: Istanbul, Edirne, Kirklareli, Tekirdag, Canakkale, Kocaeli, Yalova, Sakarya, Bilecik, Bursa and Balikesir (MEF, 2010) . In this study, data from air quality monitoring stations present in these cities were used. On the other hand, annual averages are used while assessing the pollution at the zone of the air quality monitoring stations. The method used for the measurement of SO 2 concentrations is based on the principle of UV fluorescence; and the method used for the measurement of PM 10 concentrations is ß-ray attenuation. The study area and the monitoring stations are shown in Figure 1 and the characteristics of the monitoring stations are given in Table 1 .
Clustering methods
Clustering methods have been used in a variety of fields such as geology, business, engineering systems, medicine and chemistry (Linusson et al., 1998; Narayan et al., 2011; Ferraretti et al., 2012; Kannan et al., 2012; Yan et al., 2013) . Clustering can be described as the optimal partitioning of n data into c subgroups, such that data that belong to the same group are as similar to each other as possible (Li and Shen, 2010) . The objective of clustering is to find the data structure and also to partition the data set into groups with similar individuals. These clustering methods may be statistical, hierarchical, or heuristic (Pedrycz et al., 2004; Yang et al., 2004) . In this study, one statistical analysis method, PCA, and one heuristic method, FCM, were used to evaluate the monitoring stations.
PCA. PCA, proposed by Pearson (1901) , is a multivariate, statistical and exploratory analysis method. In this method, so-called principal components (PCs) are used to transform a set of interrelated variables into a set of uncorrelated variables (Pires et al., 2008; Lau et al., 2009; Moreno et al., 2009; Lu et al., 2011; Ozbay, 2012; Hu et al., 2013) . These PCs are linear combinations of the original variables and are obtained in such a way that the first PC explains the largest fraction of the original data variability. The second PC explains a lesser fraction of the data variance than the first PC and so forth (Pires et al., 2008; Lau et al., 2009) . In this method, first, a set of factors are derived from a data set by considering eigenvalues. In order to make the interpretation of the factors that are considered relevant, the first selection step is generally followed by a rotation of the factors that were retained. Varimax, developed by Kaiser, is the most popular rotation method. Obtained factor loads represent the contribution of each variable in a specific principal component. Principle components are computed by multiplying standardized data matrix with previously calculated weights (Ozbay, 2012) . In this study, PCA was evaluated using Bartlett's sphericity test. These calculations were performed on original data by using SPSS 18 statistics program.
FCM algorithm.
The classical clustering methods assign data to exactly one cluster. Since Zadeh proposed fuzzy sets described by a membership function, fuzzy clustering has been widely studied and applied in various areas (Yang and Wu, 2006) . FCM, which is one of the most well-known and popular methodologies in clustering analysis, was introduced by Bezdek (1981) , the origins of the algorithm tracing back to Dunn (Tsekouras and Sarimveis, 2004; Yang et al., 2004) . Basically FCM clustering is dependent of the measure of distance between samples in a multi dimensional space. Mostly, FCM uses the common Euclidean distance which supposes that each feature has equal importance in the algorithm Corsini et al., 2005) . FCM algorithm aims to minimize the variance of the data within each cluster (Liao et al., 2003) . Compared to the other clustering methods, FCM is more flexible because it shows those objects that have some interface with more than one cluster in the partition (Mingoti and Lima, 2006) . At FCM, the clusters are determined with respect to cluster numbers (c) that are defined by users and initial membership values for the input vector. The memberships of the clusters are defined with corresponding membership values. Also within the algorithm, clusters are described by prototypes which represent the cluster centers. It is an iteratively optimal algorithm based on the iterative minimization of the objective function in Equation (1).
In Equation (1), n is the total number of data vectors in a given data set and c is the number of clusters; X=(x 1 , x 2 ,…, x n )  R S and
S are the feature data and cluster centres; and U=(u ki ) n*c is a fuzzy partition matrix that is composed of the membership of each feature vector x k in each cluster i. Here, u ki should satisfy ∑ 1 for k=1, 2,…, n and u ki ≥0 for all i=1, 2,…,c and k=1, 2,…, n. The exponent m>1 in Equation (1) is a parameter called fuzzifier. To minimize Equation (1), the cluster centers v i and membership matrix U need to be calculated with regard to the following iterative formula:
The procedure of the FCM algorithm is given below:
Step 1: Input the number of clusters c, the fuzzifier m and the distance function ǁ ǁ.
Step 2: Initialize the cluster centers v i 0 (i=1, 2,…, c).
Step 3: Compute u ki (k=1, 2,…, n; i=1, 2,…, c) by using Equation (2).
Step 4: Compute v i 1 (i=1, 2,…, c) by using Equation (3).
Step 6; else let v i 0 =v i 1 (i=1, 2,…, c) and go to Step 3.
Step 6: Output the clustering results: cluster centers, v i 1 (i=1, 2,…, c) membership matrix U and, in some applications, the elements of each cluster i, i.e., all the x k such that u ki >u kJ for all j≠k.
Step 7: Stop (Sun et al., 2004) . MATLAB R2010b was used to cluster the monitoring stations by FCM that are mentioned above on original data.
Results and Discussion
Variations of SO 2 and PM 10 in Marmara Region
The data derived from the annual averages of SO 2 and PM 10 daily variations obtained from 22 air quality monitoring stations in the Marmara Region is shown in Figures 2 and 3 .
When the SO 2 and PM 10 pollution was evaluated for the period 2008-2011 (Figures 2 and 3) , a reduction was observed in SO 2 concentrations at the Kocaeli-City Center station However, it was found that concentrations have increased at the Uskudar station (Figure 2 ). While PM 10 concentrations have decreased at Alibeykoy, Besiktas, Canakkale stations, they have increased at the Sakarya station (Figure 3 ). Periods of both increasing and decreasing concentrations were observed at other stations from 2008 to 2011. The reason for the reduction in pollutant concentrations may be the strict controls on the coal entering to the cities. Increased SO 2 and PM 10 concentrations, especially during the winter months, related to the high ash and sulfur content of coal, may have been prevented in this way. Additionally, increased use of natural gas as a fuel for residential heating and by the industry may be considered as another cause for the reduction in the concentrations of SO 2 and PM 10 . On the other hand, the increased concentrations of some of the pollutants, may be due to adverse meteorological conditions or due to local sources. , 1996; EU, 2006; AQAM, 2008) . When the stations exceeding the limit values are considered, Tekirdag station is found to be the one in most critical condition. The average values computed for all years of measurements, are above the limit values given in national and international regulations. Hence it is required to take immediate precautions in this area.
When the PM 10 concentrations are compared with the limit values, the results are found to be different than those for SO 2 (Figure 3) . PM 10 concentrations in all stations exceed the WHO's (World Health Organization) limit value of 20 μg/m 3 . And when the average of the years 2008-2011 for each station is considered, the PM 10 limit value of 40 μg/m 3 set by EU and AQEMR was found to be exceeded at all stations. The limit value of 50 μg/m 3 set by U.S. EPA, was also exceeded at most of the stations. Hence when an overall assessment for the Marmara Region regarding to the PM 10 pollution is conducted, it can be said that the limit values for PM 10 concentrations are exceeded. Thus, the necessary precautions must be taken to reduce emissions.
In Turkey, for the evaluation of the air quality data within the scope of the EU accession process, the procedures given in Air Quality Assessment and Management Regulation (AQEMR), which was published in the Official Gazette No. 26898 dated 06.06.2008, are in effect. In this regulation, it is aimed to progressively reduce the national air pollution until 2014, and to ensure full compliance with EU limit values by then. So, when comparing the results with the national limit values, the target limit values given in AQEMR were taken into account instead of the limit values that are valid during the current transition period.
Clustering analysis results
PCA.
The rotated factors obtained by PCA clustering of 22 different air quality monitoring stations are given in Table 2 . After the classification of monitoring stations in the Marmara Region that exhibit similar behavior, 5 and 3 factor groups were obtained for SO 2 and PM 10 , respectively. This result shows that the number of monitoring stations can be decreased. However, when reducing the number of monitoring stations, the factor loadings at the same cluster must certainly be considered. For example, when the factor loadings of Esenler and Yenibosna; and Esenler and Aksaray are compared to each other, the loadings of Esenler and Yenibosna are closer (Table 2) . It means that these two stations have more similar air pollution characteristics. This shows that in case of necessity, the devices at one of the stations with closer factor loadings at the same cluster can be transferred to another zone for which there is a plan to establish a new station. By this way there may be a significant reduction in the investment and operational cost.
When analyizing factors, it is seen that factor 1 for SO 2 is Esenler, Yenibosna, Besiktas, Kartal, Sariyer, Kadikoy, Aksaray; factor 2 is Canakkale, Yalova, Sakarya, Balikesir; factor 3 is KocaeliDilovasi, Kocaeli-City Center, Bilecik; factor 4 is Kirklareli, Edirne, Tekirdag, Bursa, Umraniye; and, factor 5 is Kocaeli-OSB, Uskudar, Alibeykoy. When these factors are analyzed separately, although it is difficult to determine the emission source type (point, areal, linear) that affects each group, a general assessment can be made. Most of the monitoring stations included in factors 1, 4, and 5, are influenced by the sources of areal+linear type. Kartal, Tekirdag, Bursa and Kocaeli-OSB stations included in these three groups are also exposed to point sources, besides areal+linear sources. When these factors are analyzed further, all the stations other than Bilecik and Bursa stations, are found to be within or close to the province of Istanbul. Factor 2 is the group with monitoring stations that are under the influence of point+areal+linear sources. Also, the stations in this group are located in the south and east of Marmara Region. Factor 3 is similar to factor 2, with stations effected by point+areal+linear sources. However, the difference between these two factors is that for all of the stations that are included in factor 3, all the sources are dominant. However, at the Canakkale station, which is one of the four stations within factor 2, areal+linear source are dominant, with no observed effect of the point sources. Therefore, when all the results are analyzed, it is difficult to make a clear distinction regarding the type of emission sources because there are ambiguities in the classification. There are studies in the literature that have also such uncertainties (Lau et al., 2009 ).
As a result of the PCA analysis for PM 10 , factor 1 includes Uskudar, Kadikoy, Alibeykoy, Kocaeli-OSB, Umraniye, Yenibosna, Sariyer, Kocaeli-Dilovasi, Besiktas, Kartal, Aksaray, Kocaeli-City Center, Balikesir, Bursa, Yalova, Esenler; factor 2 includes Sakarya, Kirklareli, Edirne, Bilecik; and factor 3 includes Canakkale, Tekirdag. When these factors are examined separately, similar to the SO 2 monitoring stations, it is difficult to determine the type of emission source that affects the stations within each factor. However, a general evaluation can also be made. When factors 1, 2 and 3 are analyzed, it is not possible to make a distinction in terms of the type of emission sources. In each factor group, there are stations that are under the influence of both linear and point+ areal+linear sources. Therefore, in this respect, there is an uncertainty.
FCM algorithm. The monitoring stations that are classified for SO 2 using FCM are given in Table 3 . Since 5 factors were obtained by the PCA analysis for SO 2 , the monitoring stations were also classified in 5 clusters in FCM in order to be able to do a comparison. Although it is difficult to determine the type of affecting emission source for each cluster, when the results are compared with the PCA results, the uncertainty decreased slightly. When the clusters are examined separately, all of the monitoring stations in cluster 2 and cluster 5 are under the influence of stations with point+areal+line sources. clusters 1 and 4 are influenced by areal+linear sources. Although there are stations in cluster 3 that are under the influence of point+areal+linear sources, the number of stations under the influence of areal+linear sources is greater. Furthermore, all the monitoring stations in the province of Istanbul are found in this cluster.
At Table 3 , Aksaray monitoring station belongs to cluster 1, cluster 2, cluster 3, cluster 4, and cluster 5 with membership degrees 0.0131, 0.0028, 0.5229, 0.0218, and 0.4395 respectively. In this case, this station is the member of cluster 3 with the highest membership degree of 0.5229. The membership degrees of other monitoring stations are determined similarly.
Since 3 factors were obtained by PCA analysis for PM 10 , monitoring stations are classified in 3 clusters in the FCM as well. Results are shown in Table 4 . It is relatively easier to determine the type of emission source affecting the monitoring stations here. When the clusters are examined separately, all monitoring stations that are in cluster 3 are under the effect of point+areal+linear sources. In cluster 1, Esenler, Yenibosna and Edirne stations are influenced by areal+linear sources. In this cluster, Sakarya and Bursa stations are influenced by point+areal+linear sources. In this analysis, the superiority of FCM compared to other clustering methods is evident. While the conventional classification methods indicate whether a certain set of data belongs to a certain class or not, the FCM method shows the membership of the data to each of the clusters, with the total membership being equal to 1. The membership values of the Sakarya and Bursa stations for cluster 1 are, as shown in Table 4 , 0.3670 and 0.3929, respectively; their membership values for cluster 3 are 0.3470 and 0.3863, respectively. At this point, the decision makers may include these stations in cluster 3 since the membership values for the two clusters are very close. From this perspective, cluster 1 is completely under the influence of areal+linear sources, whereas cluster 3 is completely under the influence of point+areal+linear sources. Hence, when compared with PCA, the emission source type is more pronounced in the FCM clustering method. In cluster 2, all monitoring stations, except Yalova and Bilecik are influenced by linear+areal sources. In Table 4 , Aksaray monitoring station belongs to cluster 1, cluster 2, and cluster 3 with membership degrees 0.1857, 0.6882, and 0.1260 respectively. In this case this station is the member of cluster 2 with the highest membership degree of 0.6882. The membership degrees of other monitoring stations are determined similarly.
Conclusions
In this study, as a result of a PCA application, which is one of the methods used for determining the emission sources (point, areal, linear), the grouping of monitoring stations that show similar air pollution behavior within the Marmara Region, yielded 5 clusters for SO 2 and 3 cluster for PM 10 from a total of 22 monitoring stations. This results show that the number of monitoring stations can be decreased. It is thought that reducing the 22 stations to 5 for SO 2 and 3 for PM 10 , can affect determining the level of pollution in the zone. Therefore, to decrease the number of monitoring stations, the factor loadings in the same cluster must certainly be considered. Closer factor loadings show that the stations have similar air pollution characteristics. This shows that in case of necessity, the devices at one of the stations in the same cluster that have close factor loadings can be transferred to another zone where there is a plan to establish a new station. By this way there may be a significant reduction in the investment and operational costs.
When the clusters are analyzed for SO 2 , it is difficult to make a clear distinction in terms of the dominant source type, because an evaluation shows that there are uncertainties in the classification. In addition, when the classes are analyzed for PM 10 , it is seen that, in each factor group, there are monitoring stations that are influenced by areal+linear and point+areal+linear sources. Thus, there is uncertainty in the classification of PM 10 sources as there is in SO 2 source classification.
The other method of analysis, the FCM algorithm, was run by reducing the total 22 monitoring stations to 5 classes for SO 2 and to 3 classes for PM 10 , in order to facilitate comparison with the PCA. When the FCM results were compared with the PCA results, pollutant emission sources were more clearly identified in the FCM clustering method. So, when the performances of these two methods are evaluated, it can be said that FCM is superior to PCA.
When SO 2 and PM 10 concentrations obtained from 22 monitoring stations in the Marmara Region are compared to the national and international limit values, only 3 stations exceeded the limit values for SO 2 , whereas, PM 10 concentrations are above the limit at all monitoring stations. Therefore, measures are needed to reduce the emissions at those residential areas that have monitoring stations with pollutant concentrations above the limit values.
